R egular exercise has been shown to reduce the risk of many age-related conditions, including impaired physical functioning, 1 cardiovascular disease, 2 Alzheimer disease, 3 and dementia. 4 In addition, exercise has been associated with maintaining good health 5 and cognition in older age and increased survival. 2, 6 It is not known if these health benefits extend to sensory changes common in aging. A significant proportion of older adults have impairment in their ability to identify odors. [7] [8] [9] [10] The prevalence of olfactory impairment was 25% in a population of older adults, and the incidence rate for developing an olfactory impairment in 5 years was 12.5%; the long-term incidence rate is unknown.
R egular exercise has been shown to reduce the risk of many age-related conditions, including impaired physical functioning, 1 cardiovascular disease, 2 Alzheimer disease, 3 and dementia. 4 In addition, exercise has been associated with maintaining good health 5 and cognition in older age and increased survival. 2, 6 It is not known if these health benefits extend to sensory changes common in aging. A significant proportion of older adults have impairment in their ability to identify odors. [7] [8] [9] [10] The prevalence of olfactory impairment was 25% in a population of older adults, and the incidence rate for developing an olfactory impairment in 5 years was 12.5%; the long-term incidence rate is unknown. 7, 11 The sense of smell is an important early warning system for identifying danger and toxins in the environment (eg, smoke, natural gas, spoiled food, chemicals), and a loss or decline in olfactory ability may pose health and safety risks as well as affect quality of life. [12] [13] [14] Many older adults are unaware they have had a decline in their sense of smell. 7, 15 Because of the high prevalence, 7-10 low awareness, 7, 15 and the impact that a decline in olfactory function may have on safety, nutrition, and quality of life in older adults, [12] [13] [14] it is important to identify modifiable factors associated with olfactory function and aging. Previously, we reported that regular exercise was associated with a lower 5-year risk of developing olfactory impairment in a population of older adults. 11 The purpose of the present study was to determine the cumulative incidence of olfactory impairment over 10 years and determine if exercise remained associated with a lower risk of developing olfactory impairment over a longer time period.
Methods

Study Population
The data were collected as part of distracters is available to use during the test to aid the participant with identification and to allow for a nonverbal response to overcome any issues related to naming. The odors are presented in random order with a 45-second delay between odors to minimize adaptation. If a participant does not identify an odorant correctly, he or she is told the correct name of the odorant, and it is presented a second time later in the test sequence. The SDOIT score is the number of odorants correctly identified (0-8) after 2 trials. Olfactory impairment was defined as identifying fewer than 6 odorants correctly. 7 The SDOIT is very reliable, with a concordance correlation coefficient of 0.85 (95% CI, 0.79-0.91), and it has a test-retest agreement of 96% for olfactory impairment over an average of 3 weeks. 21 
Assessment of Exercise
Data from 2 interview questions obtained in the concurrent BDES examinations were used to determine the frequency of current exercise: "Do you exercise at least once a week long enough to work up a sweat?" and "How many times per week to you do this?" The data were analyzed as a dichotomous variable (none vs any), and as a 3-level variable (none, 1-2 times per week, and ≥3 times per week).
Assessment of Covariates
Height and weight were measured, and body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Participants brought their current medications to the examinations, and name and frequency of use were recorded. Nonfasting blood samples were obtained for measurement of hemoglobin A 1C (HbA 1C ), and participants were classified as having diabetes mellitus based on self-report of a physician diagnosis, an HbA 1C level of 6.5% or higher or report of possible diabetes mellitus and taking medication for diabetes mellitus. Demographic (years of education, longest-held occupation), lifestyle, and medical history were obtained by interview; self-reported medical history included a history of stroke, Alzheimer disease, Parkinson disease, epilepsy, head injury, and allergies. Participants were considered to have a history of nasal conditions if they reported ever having been told by a physician they had nasal polyps or a deviated septum. Other nasal health information included a report of upper respiratory or sinus problems the week before, and nasal congestion on, the day of examination. Participants were asked about smoking history (current; past, quit <5 years ago; past, quit ≥5 years ago; never), weekly alcohol consumption, and history of ever consistently drinking 4 or more drinks per day.
Statistical Analysis
Analyses were conducted using SAS software (version 9.2; SAS Institute Inc) and were restricted to participants who did not have olfactory impairment at the baseline olfactory examination (SDOIT score ≥6 at 1998-2000 examination) and were therefore at risk for incident olfactory impairment. Incident olfactory impairment was defined as a SDOIT score lower than 6 at 1 of the follow-up examinations. KaplanMeier estimates 22 were used to calculate the 10-year cumulative incidence of olfactory impairment among those at risk for impairment at baseline. Cox proportional hazard models were used to evaluate the association between potential risk factors and the initial occurrence of olfactory impairment over 10 years. 23 Reported nasal congestion on the day of the examination, or a cold or sinus problems in the week before examination, was tested in models as a time-varying covariate. Age and sex were included in all models and interactions with sex were explored. Linear regression was used to explore the association between exercise and the SDOIT score as a continuous measure.
Results
There were 1881 participants ages 53 to 97 years without olfactory impairment at the 5-year EHLS examination, which was the first examination that included olfactory testing. Of those, 1611 (85.6%) were tested again 5 and/or 10 years later, 142 (7.5%) died prior to a second examination, 49 (2.6%) refused to participate in the study, and 79 (4.2%) did not complete the olfaction test. The mean (SD) follow-up time among those with follow-up olfactory data was 9.6 (2.2) years.
The 10-year cumulative incidence of olfactory impairment was 27.6% (95% CI, 25.3%-29.9%). The cumulative incidence rates increased dramatically for both men and women, with each decade increase in baseline age ( Table 1) . Although the overall 10-year cumulative incidence rates were similar between men (27.8% [95% CI, 24.0%-31.5%]) and women (27.5% [95% CI, 24.5%-30.4%]), the rates were slightly higher among men than women in all age groups younger than 80 years. The number of men aged 80 years or older at baseline who were at risk of developing olfactory impairment was small, limiting our ability to estimate sex-specific risks in this age range.
In an age-and sex-adjusted Cox proportional hazards model, exercising at least once a week was associated with a reduced risk (hazard ratio [HR], 0.76 [95% CI, 0.60-0.97]; P = .03 vs no exercise) of developing an olfactory impairment over 10 years ( Table 2 ). The association with exercise was more robust among those who exercised 3 or more times per week (HR, 0.73 [95% CI, 0.56-0.96] vs no exercise) than among those who exercised only 1 or 2 times per week (HR, 0.84 [95% CI 0.60-1.17] vs no exercise). Additional factors that were significantly associated with the 10-year cumulative incidence of olfactory impairment included increasing age (HR, 1.88 [95% CI, Table 3) . Including nasal congestion on the day of the examination, or a cold or sinus problems in the week before examination, as a time-varying covariate did not affect the association between exercise and olfactory impairment. Although participants who reported exercising at least once a week had a lower mean BMI and were less likely to be current smokers or have diabetes mellitus than participants who did not exercise, BMI, diabetes mellitus, and current smoking were not significantly associated with developing olfactory impairment over 10 years (Table 2) .
Among the 1611 at risk for olfactory impairment at baseline, participants who reported exercising 3 or more times per week had a higher mean SDOIT score (mean score, 7.3 vs 7.2; P = .008) at baseline than participants who did not exercise. Adjusting for age, sex, and nasal conditions, those who exercised at baseline also had a higher mean SDOIT score at the 5-year follow-up (7.1 vs 6.9; P = .003) than those who did not exercise; a similar but nonsignificant pattern was present at the 10-year follow-up (6.6 vs 6.4; P = .26). In addition, participants who reported exercising regularly at the 10-year follow-up had less decline in SDOIT score between baseline and 10 years than participants who reported no exercise at 10 years (decline in mean SDOIT score of 0.7 vs 0.9 [P = .02], respectively).
Discussion
In the current study, regular exercise was associated with a reduced risk of developing an olfactory impairment over 10 years in older adults. In addition, more frequent exercise was associated with a greater reduction in the risk of developing olfactory impairment. These results extend the previous finding in this population of a similar association between exercise and the 5-year incidence of olfactory impairment 11 and suggest that regular exercise may have a long-term benefit for olfactory health in older adults. The cumulative incidence of olfactory impairment was high in those older than 70 years, as more than half developed an olfactory impairment in the 10-year period, underscoring the need to identify modifiable risk factors to reduce the burden of olfactory impairment in older adults.
The pathway for an association of exercise with olfaction is unknown, although it might be through the effect of exercise on either brain function or overall general health. Olfactory impairment has been found to be associated with cognitive impairment, 24 35 in a review of animal and human studies, suggested that exercise increases the availability of growth factors that in turn enhance cognitive function, plasticity, and neurogenesis. In addition, exercise has been shown to have positive effects on inflammation and cardiovascular health, which may also affect cognition. 2, 36 Therefore, it is possible that exercise may have a beneficial effect on the areas of the brain involved in olfactory processing similar to the suggested effects of exercise on cognition.
It is also possible that in this study, exercise is an indicator of overall health or a marker for a combination of several health, lifestyle, and behavioral factors that have a protective effect on the olfactory system. One study found olfactory impairment to be associated with disability and increased use of community services in older adults even after controlling for age and cognition. 37 In the current study, participants who exercised had a lower BMI and were less likely to have diabetes mellitus than participants who did not exercise, although individually these factors were not significantly associated with olfactory impairment. Current smoking was not associated with developing an olfactory impairment; however, participants who quit smoking in the 5 years before the baseline examination had an increased risk for olfactory impairment that was not significant in the multivariable model. Although there is a chance that participants without olfactory issues were more likely to exercise, all participants included in this study had good odor identification scores at baseline. In addition, while a positive history of obstructive nasal conditions (nasal polyps or a deviated septum) and the use of nasal steroids were associated with an increased risk of developing olfactory impairment, these factors had no effect on the exercise estimate when included in the multivariable model. Similarly, the use of oral steroids was suggestive of a reduced risk for development of olfactory impairment, but was not significant in the multivariable model and did not affect the association between exercise and olfactory impairment.
To our knowledge, this is the first population-based study of the 10-year cumulative incidence of olfactory impairment in older adults. The high incidence rate seen in this populationbased study illustrates the extent of this health condition in older adults. Although rates were slightly higher for men than women, the 10-year cumulative incidence rates more than doubled for both men and women with each decade increase in age from the 50s through the 70s.
This study has some limitations that should be noted. Exercise was based on self-report and the participant's selfperception of exercise. The type, length, and intensity of exercise were also not available. These analyses are indicative of an event that was measured at the 5-year and/or 10-year follow-up examination, and testing status on the day of examination may not reflect the participant's long-term olfactory status as some olfactory impairment does improve. 38 However, this fluctuation is less likely to occur in older adults, 38 and exercise may still be associated with a decreased risk of developing an olfactory impairment regardless of whether the impairment is temporary or permanent. It should also be noted that this study has several major strengths. First, this was a large, populationbased study with high response rates at follow-up examinations. Second, the same standardized odor identification test was administered at each examination by trained study examiners. Third, the population is well-characterized, and extensive covariate data on participants were available.
In conclusion, the 10-year cumulative incidence of olfactory impairment was high in this population of older adults, but the reduced risk of impairment among those who exercised regularly suggests some olfactory impairment may be preventable. Additional research is needed to identify the pathway of this association.
